The human cytomegalovirus immediate-early 5-kb RNA previously has been shown to be a stable intron that is not required for efficient replication of the virus in cultured fibroblasts. Here we describe a murine cytomegalovirus 7.2-kb ortholog of the human cytomegalovirus 5-kb RNA. The 5 end of the 7.2-kb transcript maps to a consensus splice-donor site that is conserved among all cytomegaloviruses. We constructed mutant viruses lacking the entire 7.2-kb coding domain, the splice-donor site predicted to function in the generation of the intron or a hairpin predicted to stabilize the intron. All three mutant viruses failed to produce the 7.2-kb RNA, supporting our conclusion that it is a stable intron. Each of the mutants replicated with normal kinetics in cultured fibroblasts, but the mutants exhibited a clear defect within infected mice. Although the initial acute phase at 4 days after infection appeared to be normal, none of the mutant viruses progressed to the persistent phase, i.e., little virus was detected in the salivary gland at 14 days after infection. The intron functions as an in vivo virulence factor, facilitating progression from the acute to persistent phase of infection.
H
uman cytomegalovirus (HCMV) is a member of the ␤-herpesvirus family and a widespread human pathogen (1) . Primary HCMV infection is generally asymptomatic in healthy individuals, and, after limited acute replication, virus replication persists in epithelial cells of the salivary gland, mammary gland, and kidney. These sites of persistence allow the virus to spread to new hosts via saliva, breast milk, and urine (2) .
During productive infection, HCMV genes are expressed in an organized cascade of transcription (1) . Immediate-early genes are expressed first and encode proteins that establish a cellular environment conducive to viral replication. One immediateearly transcript, known as the 5-kb RNA (3) (4) (5) (6) , is not known to encode a protein. We have demonstrated that this RNA is an intron that accumulates in the nuclei of infected cells (5) .
The genomic sequence from which the 5-kb RNA is expressed resides between the UL105 and UL112͞113 loci (Fig. 1A) and has an AT content of Ϸ60%, considerably higher than that of the overall HCMV genome. Six ORFs (UL106-UL111), ranging in length from 93 to 153 aa, have been annotated in the region spanned by the 5-kb RNA, and numerous stop and start codons define additional small ORFs (7) . Although the DNA sequences of the 5-kb loci from laboratory-adapted and clinical isolates of HCMV are well conserved, the predicted ORFs vary considerably because of single-nucleotide changes, insertions, and deletions (8, 9) . There is no compelling evidence that any one of these ORFs encodes a protein. A polyadenylated 1.1-kb RNA (10) is generated by splicing the 5-kb intron from its primary transcript (5) , and it is predicted to encode a 31-aa polypeptide that bears no similarity to other known proteins. A variant of the AD169 strain of HCMV unable to produce the 5-kb intron or the 1.1-kb spliced transcript grows normally in cultured fibroblasts (5) , providing no clue to the function of the locus.
In a variety of ␤-herpesviruses, the orthologs of UL105 and UL112͞113 also flank substantial sequence segments lacking ORFs known to encode proteins (8, 11) . Like the 5-kb RNA sequence of HCMV, the loci from other cytomegaloviruses are AT-rich, and each contains a consensus splice-donor site sequence that is nearly identical to that which defines the 5Ј end of the 5-kb RNA. Here we describe a murine cytomegalovirus (MCMV) 7.2-kb ortholog of the HCMV 5-kb RNA. Mutant MCMV derivatives did not produce the 7.2-kb RNA, grew normally in cultured fibroblasts, but failed to progress from the acute to the persistent phase within infected mice. Thus, the intron functions as an in vivo virulence factor.
Results

MCMV Expresses a 7.2-kb
Orthologue of the HCMV 5-kb RNA. Like HCMV, the rhesus cytomegalovirus (RhCMV) and MCMV genomes contain loci flanked by orthologs of UL105 and UL112͞113 that do not encode identified proteins (Fig. 1) . We anticipated that these loci might encode introns. As an initial test of this hypothesis, we performed Northern blot analysis on total RNA prepared from RhCMV-infected rhesus fibroblasts and MCMV-infected mouse fibroblasts. We designed strand-specific riboprobes to hybridize at four locations within the RhCMV locus and two locations within the MCMV region. Three of the RhCMV-specific probes detected an Ϸ3-kb RNA (Fig. 1B) , and both of the MCMV-specific probes detected a 7.2-kb RNA (Fig.  1C) . The RhCMV RNA first was detected at 12 h after infection and increased with time. Similarly, the MCMV RNA was detected at the first time assayed, 6 h, and its levels increased dramatically by 24 h after infection. Thus, both RhCMV and MCMV express an RNA from the same DNA strand at the equivalent genomic locus as that encoding the HCMV 5-kb intron.
Anticipating that a mouse model could be used to investigate function of the MCMV RNA, we focused our analysis on the 7.2-kb RNA. We previously have shown that the 5Ј end of the HCMV 5-kb RNA maps to a G residue located in the consensus splice-donor site: 5Ј-CCCAGGTAGGT-3Ј [underlined G at nucleotide 159,631 of the HCMV AD169 strain (7)]. A nearly identical sequence, 5Ј-CTCAGGTAGGA-3Ј [underlined G at nucleotide 161,622 of the MCMV Smith strain (12)], is positioned near where we predicted the 5Ј end of the 7.2-kb RNA would be located, given its size.
To determine whether the 5Ј end of the MCMV 7.2-kb RNA mapped to this consensus splice-donor sequence, we performed a primer extension assay ( Fig. 2A) . A radiolabeled oligonucleotide (Fig. 2C, primer 50 ) was hybridized to total RNA from mock-infected or MCMV-infected mouse fibroblasts. After extension of the probe by reverse transcriptase, the primer extension products were analyzed by denaturing polyacrylamide gel electrophoresis. We observed a single 85-nt extension product derived from RNA from MCMV-infected cells (Fig. 2 A) . The size of the extension product indicates that the 5Ј end of the 7.2-kb RNA is located at the G residue in the consensus splice-donor sequence 5Ј-CTCAGGTAGGA-3Ј (underlined G at nucleotide 161,622). No extension products were observed when the primer extension assay was performed with RNA from mock-infected cells.
Further evidence supporting the conclusion that the large MCMV RNA is an intron was obtained by sequencing RT-PCR products derived from transcripts encoded by the locus. Initially, we used oligonucleotides (Fig. 2C , primers 69 and 106.5f) flanking the 7.2-kb RNA for RT-PCR amplification of total RNA. We detected a single 917-bp product from RNA harvested at 24 and 48 h after MCMV infection but not from mock-infected cell RNA (Fig. 2B Left) . The product was cloned and sequenced, and it proved to result from excision of a 7,224-nt intron. The splice donor was identical to that mapped by primer extension, and the splice acceptor was located at sequence position 154,365 (Fig. 2C, 7.2-kb intron) . The size of the intron of this spliced RNA is in very close agreement with our estimated size of the large RNA detected by Northern blotting.
We performed a second amplification by using a 5Ј primer located farther upstream (Fig. 2C, primer 28 ). This RT-PCR produced a single Ϸ650-bp amplification product (Fig. 2B Right) , and sequencing demonstrated that it was generated by removal of an 8,050-nt intron (Fig. 2C, 8-kb intron) . This intron was generated by a splicing event between a donor at sequence position 162,415 and the same acceptor site used to produce the smaller 7.2-kb intron. In some Northern blot experiments, we detected a faint band migrating slightly slower than the 7.2-kb intron, which might correspond to the 8-kb species (Fig. 1C) . If this interpretation is correct, the larger intron accumulates to a much lower level than the 7.2-kb intron does.
In sum, at least two introns are encoded by the MCMV locus. They are produced by using two different 5Ј donors and the same 3Ј acceptor sequence. Not surprisingly, the 7.2-kb RNA was found to be localized primarily to the nucleus, and it was not significantly polyadenylated (data not shown). To determine whether the region encoding the transcripts giving rise to the 7.2-and 8.0-kb introns influences the replication of MCMV, we constructed a deletion mutant lacking the majority of the locus (Fig. 3A) . The mutant, dl7.2 ϩ 8.0kb, and a rever- tant, rev7.2 ϩ 8.0kb, were constructed by allelic exchange in an MCMV BAC, followed by electroporation of the BAC clones into fibroblasts to recover virus. Northern blot assay demonstrated that, as expected, the mutant virus failed to produce either a 7.2-or 8.0-kb intron, whereas production of a large RNA was restored in the revertant (Fig. 3B) . However, despite the failure to produce the introns, the deletion mutant grew indistinguishably from its wild-type parent and the revertant in cultured murine fibroblasts (Fig. 3C) . In this respect, the MCMV mutant is similar to an HCMV mutant unable to express its 5-kb intron, which grew normally in human fibroblasts (5) .
To examine the role of the 7.2-and 8.0-kb RNA locus in vivo, 6-week-old BALB͞c mice were inoculated i.p. with 1 ϫ 10 6 pfu of tissue culture-derived wild-type, deletion mutant ,or revertant virus. Lung, liver, spleen, and kidney, which support virus replication during the acute phase of infection, were harvested at 4 days after infection; salivary glands, in which virus is produced during the persistent phase, were harvested at 14 days after infection. Total virus yield per organ was determined by plaque assay of organ homogenates on mouse fibroblasts (Fig.  3D) . The 7.2-and 8.0-kb RNA-deficient deletion mutant generated a similar yield in comparison to its wild-type parent or revertant in each of the organs tested on day 4. However, the yield of mutant virus in the salivary gland was reduced by a factor of 800-1,000 on day 14.
The 7.2-kb Intron Facilitates Progression to the Persistent Phase of
MCMV Infection. Analysis of dl7.2 ϩ 8.0kb demonstrated that the locus encoding the 7.2-and 8.0-kb introns is required for normal progression of MCMV infection to the persistent phase. However, the large deletion did not distinguish whether the element responsible for the deficiency was the RNA or the DNA itself. To determine whether production of the 7.2-kb intron and͞or the spliced exons is important for progression to the persistent phase, we mutated the splice-donor site. We changed 5 bp at the 5Ј splice-donor site from 5Ј-GGTAG-3Ј (first G residue in the intron at sequence position 161,622 is underlined) to 5Ј-CTAGT-3Ј in an MCMV BAC. Virus was recovered from two independent BAC isolates containing the splice junction mutation, pmSD1 and pmSD2, and also from the parental BAC containing a marker cassette in the 7.2-kb coding region, sub3.1 (Fig. 4A) .
A Northern blot assay was performed to assess the effect of the mutations by using a mixture of strand-specific probes that could detect both the 7.2-kb intron and its corresponding spliced RNA product (Fig. 4B) . In cells infected with the wild-type virus, the probes detected the 7.2-kb intron as well as Ϸ1.7-and Ϸ1.0-kb RNAs. As expected, the insertion in sub3.1 increased the size of the 7.2-kb intron. The splice-donor mutation in pmSD1 prevented accumulation of the 7.2-kb intron and the Ϸ1.0-kb RNA. The smaller RNA must be the spliced product that is generated when the 7.2-kb intron is excised from its primary transcript. The origin of the Ϸ1.7-kb RNA is uncertain; it is not influenced by the splice-donor mutation, so it clearly does not result from production of the 7.2-kb intron.
The mutants grew with the same kinetics and produced very similar yields as the wild-type virus in cultured fibroblasts (Fig.  4C) . As seen for the large deletion mutant, pmSD1 grew normally during the acute phase (day 4) but generated a markedly reduced (Ϸ1,000-fold) yield as compared with the wild-type virus during the persistent phase in the salivary gland (day 14) (Fig. 4D ). This result demonstrates that the 7.2-kb intron, the Ϸ1.0-kb spliced exons, or a combination of the two RNAs is required for progression from the acute phase to the persistent phase in infected animals. Further, because the point mutations disrupting production of the 7.2-kb and Ϸ1.0-kb RNAs would not be expected to influence the accumulation of the 8-kb intron or its function, it is very unlikely that the larger species can compensate for loss of the 7.2-kb intron.
To distinguish between a role for the 7.2-kb intron and the Ϸ1.0-kb spliced exons, an additional mutant virus was constructed. Inspection of the sequence near the 3Ј end of the 7.2-kb RNA revealed sequence motifs likely to control intron processing and possibly contributing to intron stability. Intron branch points, consisting of the sequence CU(A͞G)A(C͞T) (13) , are located within 100 nt of the 3Ј splice-acceptor site of the intron. A consensus CTAAC branch point was present 91 nt from the acceptor site (3Ј C residue at sequence position 154,462). The splice-acceptor site at the 3Ј end of the 7.2-kb RNA is preceded directly by a polypyrimidine tract, typical of the 3Ј end of most introns (13) . Between the putative branch point and the polypyrimidine tract of the 7.2-kb RNA, we identified an inverted repeat motif. Folding analysis with the Mfold algorithm indicated that this RNA sequence could form an energetically favorable hairpin structure (⌬G ϭ Ϫ26.8 kcal͞mol) with a 13-bp stem (14, 15) . A similarly positioned hairpin motif previously was identified in the HSV-1 latency-associated transcript (LAT) RNA, which is also an intron, and it has been shown to influence intron stability (16) . We reasoned that it might be possible to destabilize the 7.2-kb intron without affecting accumulation of the Ϸ1.0-kb spliced exons by deleting the hairpin sequence, whereas leaving the branch point, polypyrimidine tract, and splice-acceptor site intact. The mutant, subHP1, lacks the hairpin (Fig. 4A) .
Northern blot analysis demonstrated that, as predicted, subHP1 produced normal amounts of the Ϸ1.0-kb spliced RNA but accumulated a barely detectable quantity of the 7.2-kb intron (Fig. 4B) . The 7.2-kb intron-deficient virus grew normally in cultured fibroblasts (Fig. 4C ) but failed to replicate to normal levels in the salivary gland on day 14 after infection of mice (Fig.  4D) . Thus, we conclude that accumulation of the 7.2-kb intron is required for MCMV to efficiently disseminate to or replicate in the salivary gland of the host.
Discussion
Like HCMV, the genomes of RhCMV and MCMV contain a region between conserved orthologs of UL105 and UL112͞113 that appears to lack protein coding ORFs. Both viruses encode an RNA from this location in the viral genome and from the same DNA strand as the HCMV 5-kb intron (Fig. 1) . Like the HCMV 5-kb RNA, the MCMV 7.2-kb RNA is an intron. Primer extension analysis mapped its 5Ј end to a splice-donor site motif (Fig. 2 A) , a cDNA spanning the locus encoding 7.2-kb RNA was composed of two exons produced by excision of the 7.2-kb intron (Fig. 2B) , and mutation of the splice-donor motif abrogated accumulation of the 7.2-kb RNA (Fig. 4B) . Analysis of a second cDNA spanning the 7.2-kb locus provided evidence for the production of a second 8-kb intron, which completely overlaps and shares a 3Ј splice-acceptor site with the 7.2-kb intron (Fig.  2C) . However, the 8-kb intron accumulated to a much lower level than the 7.2-kb intron did, and it was not reliably detected by Northern blotting.
Mutation of the 7.2-kb splice-donor site not only blocked accumulation of the intron but also abrogated expression of an Ϸ1.0-kb RNA (Fig. 4B) , which is composed of two exons resulting from excision of the 7.2-kb intron (diagrammed in Fig.  2C ). The amplified cDNA segment (Fig. 2B, 917 bp) and the size of the spliced exons plus poly(A) stretch estimated by Northern blot analysis (Fig. 4B, Ϸ1 .0 kb) are very similar. Consequently, the cDNA segment that was sequenced fortuitously includes nearly the entire sequence of the spliced exons produced by excision of the 7.2-kb intron. Indeed, the 3Ј end of the cDNA segment ends at sequence position 153,916, just 18 bp upstream from an AAUAAA polyadenylation motif, and its 5Ј end is adjacent to several putative AP1 and c-jun sites, although we did not detect a TATA box nearby (Fig. 2C) .
The fact that the 7.2-kb RNA accumulates to easily detectable levels in infected cells suggests that it is more stable than most introns. We identified a hairpin sequence near the 3Ј end of the 7.2-kb intron that contributes to its stable retention. A mutant virus in which the hairpin motif was deleted, subHP1 (Fig. 4A) , failed to accumulate the 7.2-kb intron, although expressing apparently normal amounts of the Ϸ1.0-kb spliced exons (Fig.  4B) . A similar hairpin motif has been shown to influence stability of the 2-kb LAT expressed from the herpes simplex virus type 1 genome (16) (17) (18) . As has been speculated for the stable LAT intron, the hairpin motif might serve to inhibit debranching of the 7.2-kb intron lariat, a necessary prerequisite to its degradation. Curiously, the 8.0-kb intron, which may originate from a different precursor transcript, also contains the stabilizing hairpin motif yet did not accumulate to the same extent as the smaller intron did. Apparently, additional features of the intron can influence the ability of the hairpin to stabilize it. Alternatively, the 7.2-kb intron and the 8.0-kb intron might be processed from the same precursor transcript where preferential use of the 7.2-kb RNA splice-acceptor site would lead to greater abundance of this RNA over the 8.0-kb RNA.
Mutational analysis demonstrated that the locus encoding the 7.2-and 8.0-kb introns is dispensable for efficient MCMV replication in cultured fibroblasts (Fig. 3C) . However, this region (Fig. 3D, dl7.2 ϩ 8.0kb) , and specifically the 7.2-kb intron (Fig.  4D, subHP1) , was important for the normal progression of MCMV infection in mice. Three different mutants unable to express the 7.2-kb intron (dl7.2 ϩ 8.0, subSD1, and subHP1) were competent for acute replication (day 4) in liver, lung, spleen, and kidney tissue, but they failed to progress to a persistent phase (day 14) and replicate to normal levels in the salivary gland (Fig. 3D and 4D) . Our results are consistent with the view that the 7.2-kb RNA of MCMV is a stable intron that functions as a virulence factor in vivo, facilitating persistent viral replication in the salivary gland. The Ϸ1.0-kb RNA composed of spliced exons is not sufficient to serve this function (Fig. 4D,  subHP1) .
What is the function of the 7.2-kb RNA of MCMV during virus replication and spread in the host? The 7.2-kb RNA-deficient viruses successfully accumulate in multiple organs during the acute phase, suggesting that the initial ability to infect and replicate in many cell types (e.g., epithelial and endothelial cells, hepatocytes, splenocytes, and splenic stromal cells) is unlikely to be compromised. Instead, the defect manifests itself during the persistent phase as a failure to replicate in the salivary gland. Normally, MCMV replication in the acinar epithelial cells of the salivary gland persists for substantial periods of time after infection, depending on the initial dose and age and susceptibility of the mouse strain (19, 20) . This is an important feature of the cytomegalovirus infectious cycle, because replication in the salivary gland facilitates spread via saliva to new hosts. Conceivably, the 7.2-kb RNA functions in a cell-autonomous manner to allow normal replication of MCMV in the salivary gland. Alternatively, the intron might function to allow successful infection or replication in a circulating cell, such as a monocyte or dendritic cell, which delivers the virus to the salivary gland. It also is possible that the intron might not influence replication per se but might enable the virus to blunt or evade an aspect of the immune response to infection. None of these possibilities are mutually exclusive, and there may be other consequences of 7.2-kb RNA function related to the development of the host immune response to MCMV and latency, as well.
How might the 7.2-kb intron mediate its function? A number of viruses have evolved RNA-based immune-evasion strategies by targeting PKR and the IFN response pathway. For example, the adenovirus virus-associated RNAs and Epstein-Barr virus EBER RNAs are small noncoding RNAs transcribed by RNA polymerase III that inhibit activation of PKR, thereby preventing activation of the cellular antiviral response (21, 22) . RNA interference (RNAi) also has been proposed as an innate cellular defense against infection that could targeted by viruses. In particular, the adenovirus virus-associated RNAs have been shown to suppress RNAi by acting as substrates for Dicer and suppressing the activity of this cellular defense protein (23) . The 7.2-kb RNA of MCMV could act in either capacity, blocking the IFN-inducible PKR system or blocking cellular RNAi defenses against infection by antagonizing Dicer function.
The 7.2-kb intron also could encode one or more microRNAs (miRNAs) that mediate its action. Indeed, the LAT region encoded by herpes simplex virus recently has been shown to encode an miRNA. This miRNA, referred to as miR-LAT, is generated from the first exon of the HSV-1 LAT (and not the intron) and has been shown to down-regulate TGF-␤1 and SMAD3 expression and inhibit apoptosis (24) . Although there have been several reports of HCMV-coded miRNAs (25) (26) (27) , none so far map to the HCMV 5-kb locus. Nevertheless, it remains possible that the HCMV and MCMV introns will prove to act by encoding an miRNA.
The specific salivary gland phenotype associated with MCMV mutants is unique in that it results from the loss of a noncoding RNA. The in vivo phenotype associated with the 7.2-kb RNA also differs from that of many other MCMV mutants in genes that are nonessential for growth in cultured fibroblasts. For example, mutations in the MCMV genes M27, M35, M45, ie1, m155, or m166, result in recombinant viruses that are competent for replication in cultured fibroblasts yet are profoundly defective for replication in all organs of infected mice (28) (29) (30) (31) (32) (33) . However, mutations in at least three other MCMV genes have been associated with a specific salivary gland phenotype: M43, M33, and sgg1 (34) (35) (36) (37) . Mutations in these genes result in recombinant viruses that are competent for replication in cultured cells as well as in liver, lung, spleen, and kidney tissue in wild-type animals. However, M43, M33, and sgg1 mutants all exhibit a substantial defect in salivary gland replication. It is conceivable that the 7.2-kb intron functions in concert with one or more of these genes to facilitate persistence in the salivary gland.
Materials and Methods
Cell Culture and Viruses. 10.1 mouse embryo fibroblasts (38) were propagated in DMEM with 10% newborn calf serum. Wild-type RhCMV was derived from pRhCMV͞BAC-Cre, which is a BAC clone of the strain RhCMV 68-1 genome (39). Wild-type MCMV was derived from pSM3fr (40), a BAC clone of the Smith strain (41). pSM3fr is the parent to all mutant viruses described in this study. Virus titers were determined in 10.1 fibroblasts by plaque assay.
An MCMV mutant (dl7.2 ϩ 8.0kb) lacking the entire 7.2-kb locus and flanking sequences (sequence position 154,056 to 162,078), a revertant of the deletion mutant (rev7.2 ϩ 8.0kb), and two independent isolates (pmSD1 and pmSD2) of a mutant carrying five single-base-pair changes (GGTAG to CTAGT at sequence position 161,619-161,623) in the splice-donor site at the 5Ј splice junction giving rise to the 7.2-kb RNA were constructed by allelic exchange (42) in pSM3fr by using previously described methods (7) . Viruses were recovered by electroporation of BAC DNA into mouse fibroblasts. The predicted genomic structures of mutant and revertant viruses were confirmed by Southern blot analysis.
A recombinant virus containing a deletion of the hairpin near the 3Ј end of the 7.2-kb intron (sequence position 154,390-154,449) was constructed by linear recombination in DY380 cells containing the pSM3fr BAC (43) . First, the hairpin target sequence was replaced with a kanamycin-resistance gene flanked by short direct repeats required for action of the yeast flp recombinase (FRT sites). This was accomplished by PCR amplification of the Kan-FRT cassette in plasmid pKan-FLAGFrt (44) with primers 80 (5Ј-GTATACCTATTTTTCTGC-AAAAATAAGGATTACTATATTCTAACCACCCGGAC-TACAAGGACGACGACGACAAGTAA-3Ј) and 81 (5Ј-TGGCTCGCCGTCGCCATCTCGCATCCTGAAAAAGAA-AGGAGAGA ACGGGTGACCACGTCGTGGA ATGCC-TTCG-3Ј). The 5Ј ends of these primers contain 50 bp of MCMV sequence for targeting the product to the desired site of insertion in the MCMV genome. pSM3fr recombinants were selected for growth on kanamycin, and DH10B cells then were transformed with recombinants that were confirmed to contain the Kan-FRT cassette insertion at the correct location. Next, the Kan-FRT cassette was removed by electroporating DH10B cells containing the recombinant BAC with plasmid pCP20, which expresses the FLP recombinase (44) . This protein mediates recombination between the FRT sites, removing the marker gene and leaving a single FRT site behind. This process resulted in dlHP1, which contained an FRT site substituted for the hairpin sequence, and virus was recovered after electroporation of BAC DNA into mouse fibroblasts.
RNA Analysis. Northern blot analysis and the primer extension assay were performed as described in ref. 7 . Oligonucleotide primers used for the PCR amplification of DNA segments to generate probes used in Northern blot analysis were as follows: probe A, 5Ј-TTACGTGTCATATCGCGGGG-3Ј and 5Ј-AAAGAAGTACC-ACCGGCC-3Ј; probe B, 5Ј-AAAGACCTCCTCCTCCTCCG-3Ј and 5Ј-AGTGGTGACAATGACCTGTC-3Ј; probe C, 5Ј-TTAAGTTCTTGTGTCTCCGC-3Ј and 5Ј-GGTGAGACTTA-CAGCTATCC-3Ј; probe D, 5Ј-AGTACAAAGGTCTCTC-CCTG-3Ј and 5Ј-GTGGAAGAGGCAAAAGCCCG-3Ј; probe F, 5Ј-AAACTGTATGTAAACTCGGG-3Ј and 5Ј-CTGAAAATA-CAGAAAACCGG-3Ј; probe G, 5Ј-AGGTCTCTAGATTC-CCACTC-3Ј and 5Ј-AATGGTGTGTATAGGATGGG-3Ј; and probe p640 was produced by RT-PCR amplification from infected cell RNA by using primers 5Ј-AGATAGCGCGGCGTCCG-TCG-3Ј and 5Ј-GTCTACCACCTCGACCACGA-3Ј. The primer
